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1.0 INTRODUCTION 

 

This report summarizes soil vapor and groundwater monitoring activities and remediation 

activities at the closed Vincent Mullins Landfill, in accordance with the Arizona Department of 

Environmental Quality (ADEQ), Solid Waste Unit, Aquifer Protection Permit (APP) No. 

P-100917 from January of 2015 through December of 2015.  Soil vapor and groundwater 

monitoring and remedial activities are required at the Vincent Mullins Landfill under the APP 

which expires on August 17, 2034. 

 

The Vincent Mullins Landfill is located on the eastern bank of the Pantano Wash immediately 

north of Speedway Boulevard in Tucson, Arizona. The location of the Vincent Mullins Landfill 

is shown on Figure 1. The Vincent Mullins Landfill was used for the disposal of municipal solid 

waste from 1976 through 1987.  For this reporting period, the City of Tucson-Environmental 

Services (COT-ES) monitored twenty-three shallow landfill gas probes, three nested deep soil 

vapor wells, sixteen groundwater monitoring wells, and two privately owned irrigation wells 

around the landfill. In addition, a landfill gas flare system operates to control the migration of 

methane and volatile organic compounds (VOCs) from the waste. The landfill is owned and 

maintained by the City of Tucson. 

 

 

2.0 SOIL VAPOR AND GROUNDWATER MONITORING 

 

The APP specifies groundwater monitoring for VOCs on a semi-annual basis and groundwater 

monitoring of inorganic compounds on an annual basis at monitoring wells WR-115A, WR-

116A, WR-117A, WR-118A and the point of compliance well WR-453A at the Vincent Mullins 

Landfill. Semi-annual analysis for VOCs in the groundwater is conducted in March and 

September and annual analysis for inorganic compounds is conducted in March of each year. In 

addition to the required groundwater monitoring under the APP, the COT-ES voluntarily 

monitors groundwater monitoring wells VMW-502A, WR-456A, WR-457A, WR-458A, WR-

459A and a private irrigation well located at the El Dorado Country Club on a semi-annual basis. 

The well at the El Dorado Country Club is designated as well HSL-97. Due to rising regional 

groundwater levels, the COT-ES also began monitoring El Dorado’s former irrigation well HSL-

96 in March 2011 and the deep vapor probe at R-126A-290 in October of 2013. The COT-ES 

also voluntarily monitors groundwater monitoring wells WR-186A, WR-439A and WR-600A on 

an annual basis in March of each year. Of the voluntarily monitored wells, only those in 

proximity to the landfill are monitored for inorganic compounds. Deep vapor probe R-126A-290 

is in proximity to the landfill, but a groundwater sample was not able to be collected as the probe 

was inaccessible and was not able to be properly developed and purged. Well construction details 

for the soil vapor and groundwater monitoring wells are provided on Table 1. 

 

The deep-nested soil vapor wells R-103A, R-104A, and R-126A are monitored annually as part 

of the COT-ES voluntary soil vapor monitoring program. Table 2 summarizes the required and 

voluntary monitoring at the Vincent Mullins landfill site for 2015. 
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Table 2 

 

Summary of Groundwater Monitoring at the Vincent Mullins Landfill for 2015 

 

 

Well Name 
Monitored in March 

(VOCs & Inorganics) 

Monitored in 

March 

(VOCs only) 

Monitored in 

September 

(VOCs only) 

APP Required Wells for Groundwater Monitoring 

WR-115A      

WR-116A      

WR-117A      

WR-118A      

WR-453A (POC)      

Voluntary Groundwater Monitoring (not required by APP) 

Groundwater Samples Collected from Groundwater Monitoring Wells 

VMW-502A      

WR-456A      

WR-457A      

WR-458A      

HSL-96      

HSL-97      

WR-186A     

WR-439A     

WR-459A      

WR-600A     

Groundwater Sample Collected from Deep Vapor Probe 

R-126A-290      

Voluntary Deep Soil Vapor Monitoring (not required by APP) 

R-103A*     

R-104A*     

R-126A*     

 

* Nested Deep Soil Vapor Probes Monitored for soil vapor VOCs only. 

 

2.1 Groundwater Water Level Monitoring 

 

The depth to groundwater was measured in 16 monitoring wells prior to the collection of 

groundwater samples in the March and September 2015 sampling events. A summary of the 

depth to groundwater measurements for this reporting period is provided on Table 3.  The 

groundwater contour maps for March and September of 2015 are provided on Figure 2. These 
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maps indicate that the direction of groundwater flow across the Vincent Mullins Landfill is 

toward the southwest. The average March and September 2015 horizontal gradients were 

approximately 0.0028 feet per foot (ft/ft) and 0.0067 ft/ft, respectively.  

 

In March of 2015, the water table elevations (WTE) ranged from 2,260.49 to 2,246.23 feet above 

mean sea level (ft amsl) in the groundwater monitor wells at the VML (Table 3 and Figure 2).  

In September of 2015, the WTE ranged from 2,280.42 to 2,247.05 ft amsl. Hydrographs provided 

as Figure 3 and Figure 4, show the groundwater table has been rising in the vicinity of the 

Vincent Mullins Landfill at an approximate rate of 3.07 feet per year since 2006.    

 

2.2 Groundwater Sampling Procedures and Results 

 

The March 2015 groundwater monitoring event was conducted from March 9 through 

March 12, 2015 and consisted of the collection of groundwater samples from sixteen 

groundwater wells. The COT-ES also collected a groundwater sample from the deep soil vapor 

probe at R-126A on March 12, 2015.  The September 2015 groundwater monitoring event was 

conducted from September 21 through September 29, 2015 and consisted of the collection of 

groundwater samples from twelve groundwater wells and from one deep vapor probe.  

 

Groundwater sampling for APP compliance wells was conducted in accordance with the APP 

requirements. The wells were sampled in order of increasing PCE concentration (non-detect to 

highest concentrations) based on concentrations observed during the previous sampling event. 

Before sample collection, each well was purged a minimum of three well volumes using either a 

dedicated submersible pump or a decontaminated temporary pump. 

 

A multi-parameter YSI water quality meter equipped with a flow-through cell was used to 

continuously monitor the following water quality parameters: temperature, pH, specific 

conductance, dissolved oxygen, and oxidation-reduction potential (ORP). Turbidity was analyzed 

using a Hanna Instrument. 

 

Groundwater samples were collected after a minimum of three well volumes had been purged 

from the well and field water quality parameters had stabilized.  The stabilization parameters are 

summarized on the field data sheets provided in Appendix A. 

 

Purge water was directed through the COT-ES granular-activated carbon (GAC) vessel if VOCs 

had been previously detected.  No purge water was allowed to enter any jurisdictional waterways 

of the State of Arizona. All non-dedicated sampling equipment was decontaminated prior to each 

use. 

 

Immediately following purging, groundwater samples were collected from the spigot provided on 

the sampling equipment. The flow was reduced to minimize volatilization of VOCs during 

sampling. Groundwater samples were collected and analyzed for VOCs and inorganic 

compounds as listed in analyte lists provided in Appendix A.  Samples were labeled and placed 
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in laboratory-supplied containers with an internal temperature of ±2 degrees Celsius and 

submitted to the Tucson Water Quality Laboratory (TWQL) for analysis.  

 

Monitoring well HSL-96 and deep vapor probe R-126A-290 were sampled using a disposable 

single check valve bailer as a grab method.  Well purging was not conducted at this well and 

probe.  Vapor samples were collected from each of four nested probes at R-103A and R-104A 

during the 2015 sampling event. Vapor samples also were collected from the screened intervals 

at 75 feet, 135 feet and 205 feet below ground surface from vapor probe R-126A. However, due 

to groundwater intrusion, a groundwater sample was not able to be obtained from the deepest 

probe at 290 feet below ground surface from vapor probe R-126A. Field parameters, including 

temperature, pH, specific conductivity, dissolved oxygen, ORP, and turbidity were measured and 

recorded on the field sheets after sample vials were filled. 

 

Field quality assurance protocols during each sampling event consisted of: 

 

 One trip blank analyzed per day or per cooler. 

 Collection of one duplicate sample for every ten samples. 

 Collection of one equipment blank for each day of use of a non-dedicated pump. 

 

2.2.1 VOC Analytical Groundwater Results 

 

POC Well WR-453A 

 

The VOC concentrations observed in the POC well WR-453A during the monitoring period were 

consistent with previous results.  The following four VOCs continue to be detected in monitoring 

well WR-453A in concentrations that exceed APP alert levels listed in the Table 2 of the APP: 

 

 cis 1,2-dichloroethene 

 PCE 

 TCE 

 chloroform 

 

The APP alert levels are set at the laboratory practical quantitation limit, which is also the 

laboratory detection limit.  The concentrations of these parameters, however, do not exceed the 

respective Aquifer Water Quality Standards (AWQS). As explained in a previous annual report, 

the potential source of chloroform is a 24-inch reclaim water line leak that was discovered in the 

Pantano Wash located 185 feet directly upgradient from monitor well WR-453A. 

 

APP Wells 

 

The VOC concentrations observed in the non-POC APP well WR-116A during the March and 

September 2015 monitoring events were consistent with previous results.  The compounds in the 

groundwater that continue to be detected in WR-116A that exceed APP alert levels but not any 
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AWQS are: PCE, TCE and 1-1-DCA.  There were no VOCs detected above the laboratory 

method detection limits in the remaining APP listed groundwater monitoring wells: WR-115A, 

WR-117A, and WR-118A (Table 4 and Appendix A).   

 

Voluntary Wells 

 

The laboratory results for the voluntary wells have identified the same VOCs listed above in 

monitoring well WR-457A.  In March of 2015, the AWQS for PCE (5 µg/l) was exceeded at well 

WR-457A with a concentration of 5.4 µg/l; however, the PCE concentration in September 2015 

in this well was 1.6 µg/l.  The PCE concentration of 5.4 µg/l in well WR-457A was the only 

AWQS exceedance at the Vincent Mullins site during 2015. A comparison of contaminant 

concentrations in monitoring well WR-457A between March and September of 2015 revealed a 

general decline in the parameter levels between these two sampling events.  The cis-1,2 

dichloroethene concentration in well WR-457A in the March 2015 sampling event was 0.6 µg/l 

and this concentration in the September 2015 sampling event was less than 0.5 µg/l.  Similarly, 

the dichlorodifluoromethane concentration in well WR-457A in the March 2015 sampling event 

was 3.3 µg/l and this concentration in the September 2015 sampling event was 0.9 µg/l. The 

trichloroethene concentration in well WR-457A in the March 2015 sampling event was 0.8 µg/l 

and this concentration in the September 2015 sampling event was less than 0.5 µg/l. Finally, the 

trichlorodifluoromethane concentration in well WR-457A in the March 2015 sampling event was 

1.2 µg/l and this concentration in the September 2015 sampling event was less than 0.5 µg/l.  

This review shows a general decline in the contaminant concentrations from March of 2015 to 

September of 2015. The concentrations of PCE in well WR-457A have generally been declining 

from 2005 to the present time.  A PCE concentration of 2.2 µg/l was detected in well WR-457A 

in the February 2012 sampling event. 

 

PCE was also detected in four voluntary wells R-126A-290, VMW-502A, WR-458A, and 

WR-459A at concentrations below the 5 µg/l AWQS (Table 4 and Figure 6). Monitoring results 

were consistent with previous sampling events.   

 

2.2.2 Inorganic Analytical Groundwater Results 

 

POC Well 

 

Inorganic concentrations observed in the POC well WR-453A during the monitoring period were 

consistent with previous results.  None of the inorganic results exceeded any AWQS for the 

compounds listed in Table 2 in the APP (Table 4). There are no associated APP alert levels for 

inorganic compounds. 
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APP Wells 

 

None of the inorganic concentrations measured in APP wells during the monitoring period 

exceeded any AWQS for the compounds listed in the APP and the concentrations were consistent 

with previous results except for the recent elevated total lead concentrations in wells WR-115A 

through WR-118A (Table 5). These parameter concentrations and well rehabilitation work 

efforts were discussed in the 2012 Annual Report submitted to ADEQ
1
.  To date, it appears well 

rehabilitation efforts were successful as lead concentrations have stabilized below the APP limit 

of 0.05 mg/l as of March 2013 and have remained below the APP limit during 2015.  ADEQ 

concurred with the COT-ES request that the future analysis of lead in wells WR-115A, 

WR-116A, WR-117A, and WR-118A shall be the dissolved phase (filtered sample) instead of 

the total lead concentration
2
 (unfiltered sample).  All groundwater samples were non-detect for 

dissolved lead indicating the observed lead concentrations were attributable to the presence of 

solids in the groundwater, which was also evident in the field description of colored purge water 

and high turbidity values.  The point of compliance well WR-453A will continue to be analyzed 

for total lead concentrations, VOCs and inorganic compounds, as specified in the APP. 

 

Voluntary Wells 

 

Analytical results for the wells monitored on a voluntary basis for inorganic compounds during 

2015 (WR-456A, WR-457A, and HSL-97) were all below the AWQS values listed in the APP.  

As approved by ADEQ in April 2013
3
, COT-ES is not required to analyze for inorganic 

compounds in the following voluntary monitoring wells:  HSL-96, VMW-502A, WR-186A, 

WR-439A, WR-458A, WR-459A, and WR-600A. Private irrigation well HSL-97, which is 

monitored voluntarily, was excluded from inorganic analyses beginning in March 2015.  

Inorganic analysis will be continued for APP listed wells and voluntary well WR-457A.  Should 

groundwater quality conditions change, the COT-ES will evaluate any recommended 

modifications to the monitoring program for this list of wells. 

 

2.2.3 Quality Assurance/Quality Control for Groundwater Results 

 

Quality assurance/quality control (QA/QC) analyses for the 2015 sampling events included four 

duplicate sample analyses, one equipment blank analysis and 11 trip blank analyses. Analytical 

results for QA/QC samples are presented in the laboratory reports in Appendix A and duplicate 

                                                 

1
 COT-ES, 2012 Annual Report, Vincent Mullins Landfill, Tucson, AZ, Aquifer Protection Permit (APP) No. 

P-100917, March 27, 2013 
2
 ADEQ, Vincent Mullins Landfill, Tucson, AZ (closed), 2013 Annual Report, Aquifer Protection Permit No. 

P-100917, March 27, 2014 
3
 ADEQ, RE: Vincent Mullins Landfill, 2012 Annual Monitoring Report Aquifer Protection Permit (APP) No. 

P-100917, April 12, 2013 
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comparisons are summarized in tables provided in Appendix B.  All groundwater samples were 

analyzed by the TWQL. 

 

There were no analytes detected in any of the trip or equipment blank samples. The laboratory 

percent recoveries were within laboratory quality assurance objectives for accuracy, except for 

the data qualifiers listed in the case narratives presented in Appendix A. All of the data qualifiers 

were within acceptable quality and would not affect data results. 

 

The four sample duplicate analyses were compared with the original sample analyses to evaluate 

the degree of laboratory precision.  The quality control evaluation criteria target is 30% relative 

percent difference (RPD) between duplicate sample results which is an industry standard.  If the 

RPD between original and duplicate samples is greater than 30%, laboratory precision and 

sampling protocols or sample crew field methodology shall be evaluated. The RPD between the 

sample and its duplicate for all detected analytes were less than 30%, except for total lead 

(155.2%) and selenium (60.6%) concentrations at well WR-453A collected in March 2015.  The 

discrepancy between these two samples is likely attributed to suspended solids present in the 

samples. 

 

2.3 Soil Vapor Monitoring Protocol and Results  

 

The COT-ES voluntarily monitors VOCs in soil vapor to assess vadose zone conditions at the 

Vincent Mullins Landfill site.  There are no regulatory standards for this data.  Deep nested soil 

vapor probes were installed to measure possible impacts to groundwater from vapor phase VOCs 

potentially migrating from the waste.  The deep nested soil vapor wells R-103A, R-104A, and 

R-126A were monitored for VOCs in March of 2015.  Due to the rising groundwater table, vapor 

samples could not be obtained from the deepest probe at R-126A (290 feet) as water was 

detected above the top of the screen.   

 

Prior to sampling, each probe was purged of three casing volumes of air using a vacuum pump.  

Landfill gas concentrations were measured using a Landtec GEM 2000 Gas Analyzer and 

Extraction Monitor for the initial and final readings for methane, carbon dioxide, and oxygen.  

Appendix C contains field sampling forms and Tables 6 through 8 provide a field parameter 

summary of final measurements for each probe. Soil vapor samples were analyzed by Airtech 

Environmental Laboratories for VOC analysis by EPA Method Toxic Organics-15 (TO-15).  

Appendix C contains the laboratory reports and Tables 9 through 11 provide a summary of 

select VOCs. 

 

2.3.1 Soil Vapor Results 

 

Detected VOC soil vapor concentrations are summarized on Tables 9 through 11, PCE 

concentrations are charted on Figures 7 through 9 and TCE concentrations are charted on Figure 

10.  The maximum PCE and TCE concentrations occurred in the sample collected from 135 feet 

below ground surface (ft bgs) in probe R-126A at 4.98 µg/l and 1.1 µg/l, respectively. The 
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concentrations are low in comparison to the estimated Groundwater Protection Levels (GPLs) for 

the Vincent Mullins Landfill, as established in 2008 by Hargis & Associates
4
, of 25 µg/l for PCE 

and 10 µg/l for TCE. 

 

Table 12 provides a comparison of the maximum detected contaminant concentrations observed 

in the two 2015 sampling events to the Vincent Mullins Landfill GPLs.  The current PCE and 

TCE soil vapor concentrations are below the estimated GPLs. 

 

Table 12 

 

Comparison of 2015 Maximum Contaminant Concentrations to Vincent Mullins 

Groundwater Protection Levels 

 

 

 

Compound 

2015 Maximum 

Detected 

Concentrations 

(µg/l) 

Vincent 

Mullins 

Landfill GPLs 

(µg/l) 

PCE 4.98 25 

TCE 1.1 10 

Vinyl chloride Non-detect 302 

cis-1,2 DCE 0.08 114 

 

VML soil vapor concentrations have been below GPLs since 2007 (Figure 7 through Figure 10). 

Soil vapor VOC concentrations below GPLs are protective of groundwater quality. 

 

3.0 STATUS OF REMEDIATION ACTIVITIES 

 

An important element of the approved Corrective Action Plan at the Vincent Mullins Landfill 

was the expanded methane gas extraction system constructed in 2004. The location of the gas 

extraction system wells, lateral and header pipes and the flare compound are shown on Figure 

11.  The expanded methane gas extraction system has been in operation since January of 2005. 

Operation of the methane gas extraction system has been effective in remediating the VOC vapor 

concentrations to concentrations less than the estimated GPLs for soil vapor, as shown on 

Figures 7 through 10.  All vapor probes have been below soil vapor GPLs since June of 2007, 

indicating that the expanded landfill gas extraction system is controlling potential VOC sources 

within the vicinity of VML.  Quarterly landfill gas monitoring was performed consistent with 

                                                 

4
 EEC and Hargis + Associates, Inc.  Soil Vapor Assessment at Los Reales, Prudence, Vincent Mullins, Irvington, 

Cottonwood, and Ryan Landfills, April 10, 2008 
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APP requirements. Methane was not detected in any of the perimeter methane gas probes 

throughout the 2015 reporting period.  A copy of the quarterly inspection sheets completed by the 

COT-ES for these monitoring events is provided in Appendix D. 

 

 

4.0 SITE INSPECTIONS 

 

4.1 Annual Site Inspections  

 

Site inspections of the Vincent Mullins Landfill are required on a quarterly basis under a 

condition specified in the APP.  During 2015, site inspections were conducted by Engineering 

and Environmental Consultants, Inc. (EEC) from Tucson, Arizona in August and November. 

There were no site inspections completed in the first two quarters of 2015.  The inspection 

reports are enclosed in Appendix E. 

 

During the inspections, significant erosion was observed around the channel outfall into the 

northwest retention basin.  The outfall will be reconstructed as part of the Sabino Canyon Road 

Extension Project and is scheduled for construction in fiscal year 2016. Settlement cracks on the 

landfill final cover layer were also observed during the inspections.  Maintenance of these areas 

of the landfill has been scheduled for 2016. 

 

4.2 Weather Event Site Inspections  

There were four weather event site inspections conducted by the COT-ES in 2015, as required in 

APP No. 100917.  Information concerning the weather event site inspections is provided below: 

 

Date of Weather 

Inspection 

Description of 

Weather Event 

Observed 

Discrepancy 

Correction Action 

Taken 

February 2, 2015 1.30 inches of rain None None 

February 13, 2015 Wind Speed = 28 mph None None 

March 6, 2015 Wind Speed = 25 mph None None 

March 9, 2015 Wind Speed=25 mph None None 

 

 

 

 

 

The weather event inspections conducted during the second half of 2015 are included in the 

Quarterly Site Inspection Reports provided in Appendix E. 
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5.0 CONCLUSIONS 

 

 All conditions specified in the APP have been complied with in 2015, with the exception 

of the first two quarterly site inspections. 

 

 The following four VOCs continue to be detected in POC monitoring well WR-453A in 

concentrations that exceed APP alert levels listed in Table 2 of the APP: 

cis 1,2-dichloroethene, PCE, TCE, and chloroform. The concentrations of these 

parameters, however, do not exceed the respective aquifer water quality standards 

(AWQS). 

 

 The VOC and inorganic groundwater monitoring results for POC well WR-453A were 

consistent with previous monitoring events.  

 

 Two of the five APP listed wells continue to exceed APP groundwater alert levels but do 

not exceed any AWQSs.  The compounds that exceeded the alert levels are cis 1,2-DCE, 

PCE, TCE, and chloroform. 

 

 Four of the eleven voluntary wells exceed APP groundwater alert levels for the following 

compounds: 1,1-DCA, cis 1,2-DCE, PCE, and TCE.  The only AWQS exceedance during 

the monitoring period was in voluntary monitor well WR-457A. The PCE concentration 

observed during the March 2015 sampling event in well WR-457A was 5.4 µg/l and the 

concentration observed in September 2015 was 1.6 µg/l. A review of the 2015 

groundwater analytical results shows a general decline in the contaminant concentrations 

from March of 2015 to September of 2015. The concentrations of PCE in well WR-457A 

have generally been declining from 2005 to the present time. 

 

 All inorganic analyte concentrations meet APP requirements. 

 

 Soil vapor samples have VOCs below their respective estimated soil vapor GPLs since 

2007. 

 

 Operation of the soil vapor extraction system has been effective in lowering 

concentrations of VOCs in the soil vapor. 
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